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(57)Abstract: 

PURPOSE: To form a high-quality thin film having two- 
dimensionally uniform various characteristics over the 
whole area of the thin film surface at a high rate with 
high efficiency, to simultaneously deposit the thin films 
of >2 kinds of compositions on a substrate and to 
optionally control the compositional ratio in the 
thickness direction of the thin film. 
CONSTITUTION: Two target holders 11 and 12 and a 
substrate holder 3 are arranged in an irradiation chamber \ 
1. Targets 13 and 14 are held on the holders 11 and 12 
and a substrate 5 on the holder 3. A laser beam 8 from a — 
laser oscillator 7 is split into two laser beams 8a and 8b 
by a beam splitter 15. The two laser beams 8a and 8b 
are passed through different laser beam incident 
windows 10a and 10b and introduced into the chamber 1 
from different directions to irradiate the targets 13 and 
1 4, respectively. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 

- precisely. 

2.**** shows the word which can not be translated. 

- 3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exposure chamber by which the target with which a laser beam is irradiated, and 
the substrate on which the particle which dispersed from this target is made to deposit have 
been arranged, In the laser ablation equipment which is equipped with one set of a pulse laser 
oscillator, and introduces the laser beam from said laser oscillation machine in said exposure 
chamber, while arranging two or more targets in said exposure chamber The optical system 
which divides into the laser beam of the many directions of said target and same number the 
laser beam of the one direction which carried out outgoing radiation from said pulse laser 
oscillator is established. This optical system Laser ablation equipment characterized by being 
constituted so that coincidence may be made for each target to irradiate each divided laser 
beam individually. 

[Claim 2] Said optical system is laser ablation equipment according to claim 1 characterized by 
being the beam splitter of the adjustable type which can change the transmission and the 
reflection factor of a laser beam continuously. 

[Claim 3] Said beam splitter is laser ablation equipment according to claim 2 characterized by 
being constituted so that change of the permeability and reflection factor may synchronize with 
laser oscillation actuation of said pulse laser oscillator and may be controlled by the function of 
a laser shots per hour. 

[Claim 4] Said two or more targets of all in said exposure chamber are laser ablation equipment 
according to claim 1 characterized by consisting of matter which has the same chemical 
composition. 

[Claim 5] It is laser ablation equipment according to claim 1 characterized by at least one target 
consisting of matter which has different chemical composition from other targets among said two 
or more targets in said exposure chamber. 

[Claim 6] It is laser ablation equipment according to claim 1 characterized by at least one 
consisting of matter which contains at least one kind of element among the elements which 
constitute the ingredient of said substrate among said two or more targets in said exposure 
chamber. 

[Claim 7] Said pulse laser oscillator is laser ablation equipment according to claim 1 
characterized by being a excimer laser oscillator. 

[Claim 8] Said pulse laser oscillator is laser ablation equipment according to claim 1 
characterized by being constituted so that the laser output per one pulse may carry out outgoing 
radiation of the laser beam which has the energy beyond 0.5J. 

[Claim 9] Said exposure chamber is laser ablation equipment according to claim 1 characterized 
by having evacuation equipment and being maintained at the degree of vacuum of 10 to 6 or 
more Torrs by this evacuation equipment. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laser ablation equipment for performing thin 
film formation of an oxide superconductor, a ferroelectric, a semi-conductor, etc., etc. 
[0002] 

[Description of the Prior Art] as the thin film formation approach which forms a thin film on a 
base material conventionally — CVD (chemical vapor deposition) — there is law, a spatter, or 
the laser ablation method. Especially, the laser ablation method is an approach by which it is 
rapidly observed in recent years, and development is positively furthered as the membrane 
formation technique of the oxide elevated-temperature superconducting thin film aiming at 
microelectronics device production. 

[0003] The laser ablation method is an approach of making the same configuration element as a 
target depositing as a thin film on a substrate using the plume of the plasma state which 
generated the pulse laser light of high energy density by explosive exfoliation (APURESHON) of 
the surface area which irradiates a solid material (target) and happens on a solid-state front face 
at this time. As a merit of this approach, it is mentioned that a high-definition thin film can be 
formed with sufficient repeatability, that process temperature is low, that the configuration of a 
thin film deposition system is comparatively easy, etc. moreover, a solid-state front face — 
number of - 100 MW/cm3 ** — in order to pour in the very high energy to say momentarily, it is 
an approach suitable for the thin film formation for refractory materials, such as ceramics which 
makes boron nitride (BN) the start. 

[0004] The laser ablation equipment which has such a description has structure as shown in 
drawing 4 conventionally. First, as shown in this drawing 4 , in the exposure chamber 1, the 
target holder 2 and the substrate holder 3 are arranged, a target 4 is held at the target holder 2, 
and the substrate 5 is held at the substrate holder 3. In this case, the target holder 2 and the 
substrate holder 3 are equipped with a target 4, the holder sections 2a and 3a which hold a 
substrate 5 on that front face, and stanchion section 2b and 3b which support these holder 
sections 2a and 3a to the exposure chamber 1, respectively, and each strut section 2b and 3b 
are prepared in the form extended in the rectangular direction from the tooth back of each 
holder sections 2a and 3a, respectively. And each holder section 2a and 3a counter, and as each 
stanchion section 2b and 3b are mostly located in a line in the shape of a straight line, as for this 
target holder 2 and the substrate holder 3, they are arranged. 

[0005] Moreover, the exposure chamber 1 reaches a predetermined pressure with evacuation 
equipment 6, or is maintained by the predetermined pressure. And the laser beam 8 from the 
pulse laser oscillator 7 is introduced in this exposure chamber 1. That is, the laser beam 8 from 
the pulse laser oscillator 7 lets the lens 9 arranged between the pulse laser oscillator 7 and the 
exposure chamber 1, and the laser entrance window 10 prepared in the exposure chamber 1 
pass, and it is introduced in the exposure chamber 1, and condenses and irradiates on the target 
4 on the target holder 2. In this case, the laser entrance window 10 is formed with the quality of 
the material which penetrates a laser beam 8. 

[0006] And in such laser ablation equipment, in case a thin film is formed on a substrate 5, first, 
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outgoing radiation of the laseWeam 8 is carried out from the pulse lasSWscillator 7, a lens 9 
and the laser entrance window 10 are minded for this laser beam 8, and it condenses and 
irradiates on a target 4. At this time, fragmentation, such as an atom, a molecular ion, etc. which 
constitutes this target 4, is explosively emitted from the front face of the target 4 which has 
irradiated the laser beam 8. And such fragmentation expands in different direction toward the 
front of a target 4, and is reached and deposited on the substrate 5 on the substrate holder 3. 
Consequently, the thin film which has the same chemical composition as the configuration 
element of a target 4 is formed on a substrate 5. 
[0007] 

[Problem(s) to be Solved by the Invention] However, there is a trouble as shown below in the 
conventional laser ablation equipment which has the above configurations. 
[0008] First, in the equipment of drawing 4 , only a thin film with one kind of chemical 
presentation or a presentation ratio can be formed, but there is a fault that the class of thin film 
to form is unchangeable. In order to improve this point, the method of changing the class of thin 
film to form is proposed by switching the target which installs two or more kinds of targets in 
one target holder, is made to move a target holder, and irradiates a laser beam. 
[0009] However, even if it uses this approach, when a laser beam is irradiated in order of A->B 
using two kinds of matter A and B, as a target, on a substrate, the thin film of the matter B is 
simply formed in piles on the thin film of the matter A, for example. Therefore, it cannot respond 
to a demand which chemical composition is continuously changed from A to B, or is referred to 
as mixing the presentation of A and B by the ratio of arbitration. 

[0010] Furthermore, as a general trouble of conventional laser ablation equipment, it crosses 
throughout a thin film front face, and the point that it is difficult to obtain the thin film of high 
quality which is uniform two-dimensional is mentioned. Therefore, the technique of rotating a 
substrate holder and making membraneous quality equalize is performed conventionally. 
However, by this approach, since [ of the fragmentation in an ablation plume ] only a part 
reaches a substrate very much, there is a fault, like the loss of an ablation plume is large and a 
membrane formation rate with bad membrane formation effectiveness is slow. 
[001 1] As mentioned above, it is impossible to control to arbitration presentation distribution of 
the class of element which can obtain only the thin film of the same presentation as a target, but 
constitutes a thin film from conventional laser ablation equipment, or the ratio and the thickness 
direction. Moreover, there is also a trouble [ homogeneity / of a thin film property / two- 
dimensional ] that it is difficult a high speed and to be efficient and to obtain. 
[0012] It is proposed in order that this invention may solve the trouble of the above conventional 
techniques. The purpose The thin film of high quality various kinds of film properties are uniform 
two-dimensional over the whole region on the front face of a thin film It is high-speed and 
efficient and can form, and moreover, make coincidence deposit the thin film of two or more 
kinds of presentations on a substrate, or the presentation ratio of the thickness direction of a 
thin film is controlled to it at arbitration. It is in offering the outstanding laser ablation equipment 
which can form easily the thin film of the new material which is not in the former. 
[0013] 

[Means for Solving the Problem] The laser ablation equipment by this invention is equipped with 
one set of the exposure chamber by which the target with which a laser beam is irradiated, and 
the substrate on which the particle which dispersed from this target is made to deposit have 
been arranged, and a pulse laser oscillator, and has the following descriptions in the laser 
ablation equipment which introduces the laser beam from a laser oscillation machine in an 
exposure chamber. 

[0014] Invention according to claim 1 is characterized by establishing the optical system which 
divides into the laser beam of the many directions of a target and the same number the laser 
beam of the one direction which carried out outgoing radiation from the pulse laser oscillator 
while it arranges two or more targets in an exposure chamber. And this optical system is 
constituted so that coincidence may be made for each target to irradiate each divided laser 
beam individually. 

[0015] In addition to the configuration of invention of claim 1, invention claim 2 and given in 
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three has the descriptions wi^l^iill more nearly following optical syste^^^iat is, in invention 
claim 2 and given in three, the beam splitter of the adjustable type as optical system which can 
change the transmission and the reflection factor of a laser beam continuously is used. And in 
. invention according to claim 3, a beam splitter is constituted so that change of the permeability 
and reflection factor may synchronize with laser oscillation actuation of a pulse laser oscillator 
and may be controlled by the function of a laser shots per hour. 

[0016] In addition to the configuration of invention of claim 1, invention claims 4 and 5 and given 
in six has the descriptions with two or more still more nearly following targets. First, in invention 
according to claim 4, two or more targets of all consist of matter which has the same chemical 
composition. Moreover, in invention according to claim 5, at least one target consists of matter 
which has different chemical composition from other targets among two or more targets. And in 
invention according to claim 6, at least one of two or more targets consists of matter which 
contains at least one kind of element among the elements which constitute the ingredient of a 
substrate again. 

[001 7] As for invention claim 7 and given in eight, in addition to the configuration of invention of 
claim 1 , a pulse laser oscillator has the following descriptions. First, in invention according to 
claim 7, a excimer laser oscillator is used as a pulse laser oscillator. Moreover, in invention 
according to claim 8, a pulse laser oscillator is constituted so that the laser output per one pulse 
may carry out outgoing radiation of the laser beam which has the energy beyond 0.5 J. 
[0018] As for invention according to claim 9, in addition to the configuration of invention of claim 
1, an exposure chamber has the following descriptions. That is, the exposure chamber is 
equipped with evacuation equipment and maintained at the degree of vacuum of 10 to 6 or more 
Torrs by this evacuation equipment. 
[0019] 

[Function] According to the laser ablation equipment of this invention which has the above 
configurations, the following operations are acquired. 

[0020] In invention of claim 1, an ablation particle disperses in coincidence from two or more 
targets by irradiating [ each of two or more targets ] individually each laser beam of the many 
directions divided according to optical system at coincidence. And the same substrate can be 
made to deposit on coincidence the ablation particle which dispersed in this coincidence. In this 
case, since an ablation particle will fly [ different ] to coincidence from plurality on one 
substrate, homogeneity can be made to deposit an ablation particle on a substrate. 
[0021] In invention of claim 2, the rate of the ablation particle which disperses from each target 
can be easily changed by changing the transmission and the reflection factor of a beam splitter 
continuously. Moreover, in invention of claim 3, change of the permeability and reflection factor 
of a beam splitter can be adjusted the optimal by interlocking a beam splitter with a pulse 
oscillator. 

[0022] Since the same ablation particle will fly to coincidence from [ on one substrate / 
different ] plurality, homogeneity can be made to deposit the same ablation particle on a 
substrate in invention of claim 4. 

[0023] Since two or more kinds of ablation particles will fly [ different ] to coincidence from 
plurality on one substrate, coincidence and homogeneity can be made to deposit two or more 
kinds of ablation particles on a substrate in invention of claim 5. the matter of the deposit on a 
substrate when invention of this claim 5 is especially combined with invention of claim 2 — a 
mixing ratio can be changed to arbitration. 

[0024] In invention of claim 6, since the matter containing the element which constitutes the 
ingredient of a substrate can be made to deposit, it becomes possible identically to the 
presentation of a substrate to form the thin film which has the presentation with relation. When 
invention of this claim 6 is especially combined with invention of claims 2 and 5, that 
presentation ratio can change gradually toward the thickness direction, and a thin film of an 
inclination presentation which becomes the same presentation as a substrate on the surface of a 
substrate can be formed. 

[0025] In invention of claim 7, the high energy of an ultraviolet-rays field can perform ablation of 
a target efficiently by using excimer laser. Moreover, in invention of claim 8, even if it divides this 
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laser beam into two or more beams by carrying out outgoing radi^B^ of the laser beam of 

the energy beyond 0.5J, the output of each laser beam can be made high enough. 

[0026] In invention of claim 9, when it can use efficiently, without reducing the energy of a laser 

beam irradiated by maintaining the degree of vacuum of an exposure chamber at the degree of 

vacuum of 10 to 6 or more Torrs with evacuation equipment, since it may stop mixing a foreign 

matter, the thin film of high quality can be formed efficiently. 

[0027] 

[Example] Below, one example of the laser ablation equipment by this invention is concretely 
explained based on drawin g 1 - drawing 3 . In addition, the same sign is given to the same 
member as the conventional example shown in drawing 4 . 

[0028] [1] **** of an example — drawing 1 is drawing showing the outline of the equipment of 
this example first. As shown in this drawing 1 , in the exposure chamber 1 , the 1 st and 2nd 
target holders 1 1 and 12 and substrate holder 3 are arranged, the 1st and 2nd target 13 and 14 
is held at the 1st and 2nd target holder 1 1 and 12, respectively, and the substrate 5 is held at 
the substrate holder 3. In this case, two target holders 1 1 and 12 and substrate holders 3 It has 
the holder sections 11a, 12a, and 3a and the stanchion sections 11b, 12b, and 3b which support 
these holder sections 11a, 12a, and 3a to the exposure chamber 1, respectively. Each strut 
sections 1 1 b, 1 2b, and 3b are formed in the form extended in the rectangular direction, 
respectively from the tooth back of each holder sections 1 1 a, 1 2a, and 3a. And two target 
holders 1 1 and 12 approach in the form where each holder section 1 1a and 12a makes the 
obtuse angle of each other, and as each stanchion section 1 1b and 12b makes the acute angle of 
each other, they are arranged. Furthermore, as the substrate holder 3 is located on the straight 
line by which the holder section 3a counters with these in an equidistant location from both 
holder sections 1 1 a and 1 2a of the target holders 1 1 and 1 2, and the stanchion section 3b 
passes along between the stanchion sections 11b and 12b of two target holders 1 1 and 12, it is 
arranged. 

[0029] Moreover, the exposure chamber 1 is maintained at the degree of vacuum of 1 0 to 6 or 
more Torrs by evacuation equipment 6. And the laser beam 8 from the pulse laser oscillator 7 is 
introduced in this exposure chamber 1 . In this case, although the laser beam 8 from the laser 
oscillation machine 7 was introduced as it was in the exposure chamber 1 in the conventional 
example of drawing 4 In this example, the laser beam 8 from the laser oscillation machine 7 is 
divided into two laser beams 8a and 8b by the beam splitter 15. It is introduced from a direction 
which is different in the exposure chamber 1 through the laser entrance windows 10a and 10b 
from which these two laser beams 8a and 8b differ. 

[0030] That is, the beam splitter 15 is arranged at the include angle of 45 degrees on the optical 
axis of the laser beam 8 from the laser oscillation machine 7, and it is constituted so that the 
laser beam 8 from the laser oscillation machine 7 may be divided into two at laser beam 
(transmitted light) 8a of this direction, and laser beam (reflected light) 8b which it turned 90 
degrees. And between this beam splitter 15 and holder section 1 1a of the 1st target holder 11 in 
the exposure chamber 1, as the optical axis of laser entrance window 10a [ lens 9a and ] 
corresponds, they are arranged linearly. And laser beam 8a penetrated from the beam splitter 1 5 
minds lens 9a and laser entrance window 10a, and condenses and irradiates on the 1st target 13 
on the 1 st target holder 1 1 . 

[0031] Moreover, between a beam splitter 15 and holder section 12a of the target holder 12 of 
another side in the exposure chamber 1 , sequential arrangement of the 1 st and 2nd mirror 1 6 
and 17, lens 9b, and the laser entrance window 10b is carried out. In this case, the 1st mirror 16 
is arranged at the include angle of 45 degrees on the optical axis of laser beam 8b from a beam 
splitter 15, turns laser beam 8b from a beam splitter 15 90 degrees, and it is constituted so that 
it may reflect in the direction of outgoing radiation and this direction of a laser beam 8 from the 
laser oscillation machine 7. And the 2nd mirror 1 7 is arranged at the include angle of 45 degrees 
on the optical axis of laser beam 8b reflected from the 1st mirror 16, turns laser beam 8b from 
the 1st mirror 16 90 degrees, and it is constituted so that it may reflect in the reflective 
direction and hard flow of laser beam 8b from a beam splitter 1 5. Furthermore, between this 2nd 
mirror 17 and holder section 12a of the target holder 12 of another side in the exposure chamber 
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1 , as the optical axis of lasei 



ranee window 10b [ lens 9b and 



] corn 




nds, they are 



arranged linearly. That is, laser beam 8b reflected from the 2nd mirror 1 7 minds lens 9b and laser 
entrance window 10b, and condenses and irradiates on the 2nd target 14 on the 2nd target 
holder 12. And laser beam 8b irradiated on the 2nd target 14 in this way lies at right angles to 
the direction of laser beam 8a which irradiates on the 1st target 13. 

[0032] In addition, in this example, the excimer laser which is the source of high energy of an 
ultraviolet region is used as a pulse laser oscillator 7. And this pulse laser oscillator 7 is 
constituted so that the laser output per one pulse may carry out outgoing radiation of the laser 
beam which has the energy beyond 0.5J. Moreover, the beam splitter 1 5 is constituted so that 
permeability and a reflection factor can be changed continuously. Furthermore, this beam splitter 

1 5 is constituted so that it can connect with the pulse laser oscillator 7 electrically. And when it 
connects with the pulse laser oscillator 7 electrically in this way, change of the permeability and 
reflection factor of a beam splitter 1 5 synchronizes with laser oscillation actuation (pulse 
operation) of the pulse laser oscillator 7, and is controlled by the function of a laser shots per 
hour. Moreover, each laser entrance windows 10a and 10b are formed with the quality of the 
material which penetrates laser beams 8a and 8b. 

[0033] [2] an operation and effectiveness of an example — the laser ablation equipment of this 
example which has the above configurations explains the process and operation in the case of 
actually forming a thin film, and effectiveness below. 

[0034] [2-1] It is Si3 N4 on a SiC substrate as an example which forms on a substrate the thin 
film which has fixed chemical composition below at the formation process of the thin film which 
has fixed chemical composition. The process in the case of forming the thin film which has 
chemical composition is explained using (A) of drawing 2 , and (B). 

[0035] First, the 1st and 2nd target 13 and 14 is set to the 1st in the exposure chamber 1, and 
the 2nd target holder 11 and 12, respectively. In this case, it is same Si3 N4 which has the same 
chemical composition as the 1 st and 2nd target 1 3 and 1 4. Si3 N4 which consists of a sintered 
compact pellet A target is used. Moreover, the SiC substrate 5 is arranged to the substrate 
holder 3. After an appropriate time, the pressure of the exposure chamber 1 interior is reduced 
with evacuation equipment 6. In this case, vacuum achievement is set to 10 to 6 or more Torrs. 
[0036] And if the exposure chamber 1 reaches a predetermined degree of vacuum, a laser beam 
8 will carry out outgoing radiation from the pulse laser oscillator 7, and it will be divided into two 
laser beams 8a and 8b by the beam splitter 1 5. Among these, one laser beam 8a minds lens 9a 
and laser entrance window 10a, and condenses and irradiates on the 1st [ on the 1st target 
holder 11 ] Si3 N4 target 13. Moreover, laser beam 8b of another side minds lens 9b and laser 
entrance window 10b, after sequential directional change is carried out by the 1st and 2nd mirror 

16 and 17, and it is 2nd Si3 N4 on the 2nd target holder 12. It condenses and irradiates on a 
target 14. 

[0037] In this case, the permeability and reflection factor of a beam splitter 15 are chosen and 
fixed in consideration of the energy loss in the optical path of two laser beams 8a and 8b so that 
a target 13 and the laser energy per unit area on 14, i.e., a particle fluence, may become equal. 
Therefore, the laser beams 8a and 8b of an equal particle fluence will be irradiated by targets 13 
and 14. 

[0038] Thus, as shown in (A) of drawing 2 from the front face of the targets 13 and 14 which 
have irradiated the laser beams 8a and 8b of an equal particle fluence, it is this Si3 N4. The 
atom, molecule, ion cluster, etc. to constitute serve as the plasma plume 21, and is emitted 
explosively. Such fragmentation expands in different direction toward the front of targets 13 and 
14, reaches the SiC substrate 5 on the substrate holder 3, and is Si3 N4 on this SiC substrate 5. 
A thin film is formed. 

[0039] At this time, as the plasma plume 21 of the same component and the same grain density 
occurs in coincidence and it is shown in (A) of drawing 2 from two targets 1 3 and 1 4, 
coincidence is reached from the 2-way of a substrate 5. Therefore, Si3 N4 which has uniform 
thickness distribution as gone the whole region on the front face of this substrate 5 and shown 
in (B) of drawing 2 The film 22 is obtained. In this case, it cannot be overemphasized that a 
property ****** not only about thickness but various physical, electromagnetic-like, mechanical, 
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and chemical property demar^Mris acquired. 

[0040] Moreover, when a thin film was formed using the equipment of the conventional example 
as shown in drawing 4 , since the loss of a plasma plume was large, there were troubles, like a 
membrane formation rate with bad membrane formation effectiveness is slow, but in this 
example, since the fragmentation in a plasma plume can be used effectively, membrane formation 
effectiveness and a membrane formation rate do not fall, it is high-speed and efficient and the 
thin film of the above high quality can be formed. 

[0041] Furthermore, in this example, since a laser beam can be irradiated [ two or more targets ] 
at coincidence using one set only of a pulse laser oscillator, there is a merit that a system is 
simple and a running cost is held down. 

[0042] [2-2] It is Si3 N4 on a SiC substrate as an example which forms on a substrate the thin 
film which has inclination-chemical composition below at the formation process of the thin film 
which has inclination-chemical composition. The process in the case of forming the thin film 
which has an inclination presentation is explained using drawing 3 R> 3. 

[0043] First, while setting the SiC target which becomes the 1st target holder 1 1 in the exposure 
chamber 1 from a SiC sintered compact pellet as the 1st target 13, it is Si3 N4 as the 2nd target 
14 to the 2nd target holder 12. Si3 N4 which consists of a sintered compact pellet A target is 
set. Moreover, the SiC substrate 5 is arranged to the substrate holder 3. After an appropriate 
time, with evacuation equipment 6, the pressure of the exposure chamber 1 interior is reduced 
and vacuum achievement is set to 10 to 6 or more Torrs. 

[0044] And if the exposure chamber 1 reaches a predetermined degree of vacuum, a laser beam 
8 will carry out outgoing radiation from the pulse laser oscillator 7, and it will be divided into two 
laser beams 8a and 8b by the beam splitter 15. Like the aforementioned example of a process, 
these two laser beams 8a and 8b pass along the optical path according to individual, and 
condense and irradiate on the 1st and 2nd target 13 in the exposure chamber 1, and 14. 
[0045] In this case, immediately after ablation initiation (i.e., immediately after the pulse laser 
oscillator 7 starts laser oscillation actuation), the transmission and the reflection factor of a 
beam splitter 15 set up so that transmission may become and a reflection factor may become 0% 
100%. Therefore, at this time, the laser beam 8 from the pulse laser oscillator 7 is Si3 N4. 
Without completely irradiating on a target 1 4, it condenses and irradiates on the SiC target 1 3 
altogether, and the atom, molecule, ion cluster, etc. which constitutes SiC serve as a plasma 
plume, and is emitted explosively. Such fragmentation expands in different direction toward the 
front of a target 1 3, reaches the SiC substrate 5 on the substrate holder 3, and forms the thin 
film of SiC of the same component as this substrate on this SiC substrate 5. 
[0046] And in this process, the pulse laser oscillator 7 and a beam splitter 15 are connected 
electrically, and it controls so that the pulse operation of the pulse laser oscillator 7 is 
interlocked with and the permeability and reflection factor of a beam splitter 1 5 change 
continuously. In this case, it controls so that the permeability of a beam splitter 15 decreases 
and a reflection factor increases, as the laser shots per hour irradiated from the pulse laser 
oscillator 7 specifically increases. By this control, the laser particle fluence to the SiC target 13 
decreases gradually, and it is Si3 N4 to coincidence. The laser radiation to a target 14 is started 
and that laser particle fluence increases gradually. Si[ follow on it and ]3 N4 on the SiC 
substrate 5 While alimentation decreases, it is Si3 N4. Deposition begins. 
[0047] As a result of controlling a beam splitter 1 5 as mentioned above, SiC deposited on a 
substrate 5 decreases gradually, and is Si3 N4 to it. It increases, finally the reflection factor of a 
beam splitter 15 becomes 100%, and a rate is Si3 N4. It comes to reach a substrate 5. Thus, 
when chemical composition change of the deposit on the formed SiC substrate was investigated, 
distribution like drawing 3 was acquired. In this drawing 3 , the distance from a deposit front face 
[ in / in an axis of abscissa / the thickness direction ] and an axis of ordinate show the 
abundance ratio of Si-N association measured by XPS (X-ray photoelectron spectroscopy), and 
Si-C association. From this drawing 3 , only Si-N association appears in the maximum surface of 
the deposit on a SiC substrate, that rate decreases gradually toward the interior, and, on the 
other hand, signs that the so-called inclination presentation which Si-C association increases 
and finally becomes the same component as a substrate is formed are known. 
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ar^B^ry out the various modifications whic m 

< 



[0048] [3] This invention car^Prry out the various modifications whicl^PJ other examples not 
only to said example but to others. For example, all the ingredients that constitute a target and a 
substrate can be made into the quality of the material of a different class, or one kind of element 
can also be further used as a target in common among the elements which constitute a 
substrate. Moreover, it is also possible to always fix to a fixed ratio each mixing ratio of the 
target which maintains the permeability and reflection factor of a beam splitter at a fixed value, 
and consists of the different quality of the material. 

[0049] And this invention enables it to produce easily the new material which was not able to be 
obtained by the conventional approach in this way by choosing the class of target, and the 
permeability and reflection factor of a beam splitter as arbitration. 

[0050] On the other hand, in said example, although two targets were used, further, the 
configuration which uses three or more targets is possible similarly, and the laser beam from a 
laser oscillation machine is divided into three or more laser beams in that case. Moreover, the 
concrete configuration of the optical system which divides a laser beam, and the optical path of 
the divided laser beam can be designed freely. Furthermore, the laser oscillation machine to be 
used and its service condition are also freely selectable. 
[0051] 

[Effect of the Invention] As stated above, while arranging two or more targets in an exposure 
chamber according to the laser ablation equipment of this invention The laser beam of the one 
direction which carried out outgoing radiation from the laser oscillation machine is divided into 
the laser beam of the many directions of a target and the same number. Each laser beam 
according to an individual at each target and by having constituted so that coincidence might be 
irradiated The thin film of high quality various kinds of film properties are uniform two- 
dimensional over the whole region on the front face of a thin film A high speed and the thin film 
of a new material which is efficient, can form, is made to deposit the thin film of two or more 
kinds of presentations in coincidence on a substrate, or moreover controls the presentation ratio 
of the thickness direction of a thin film to arbitration, and is not in the former can be formed 
easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram showing one example of the laser ablation equipment in 
this invention. 

[Drawing 2] It is the distribution map in which it is drawing showing the process which forms a 
thin film with the equipment of drawing 1 , and the mimetic diagram showing the condition of a 
plasma plume that (A) reaches on a substrate, and (B) show the thickness distribution on a 
substrate. 

[Drawing 3] The graph which shows the thickness direction distribution of a chemical bond 
abundance ratio at the time of forming the thin film of an inclination presentation with the 
equipment of drawing 1 . 

[Drawing 4] The outline block diagram showing an example of conventional laser ablation 
equipment. 

[Description of Notations] 
1 — Exposure chamber 
2, 11, 12~ Target holder 
3 — Substrate holder 
4, 1 3, 1 4 — Target 

5 — Substrate 

6 — Evacuation equipment 

7 — Pulse laser oscillator 

8 — Laser beam 

9, 9a, 9b — Lens 

10, 10a, 10b — Laser entrance window 

15 — Beam splitter 

16 17 — Mirror 

21 — Plasma plume 

22 — Si3 N4 Film 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran^web,cgLejje 



2005/06/08 



JP.07-331422.A [DRAWINGS] 



1/2 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



* NOTICES * 




1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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